ABSTRACT Objectives: Our aim was to study associations between physical exposures throughout working life and physical function measured as chair-rise performance in midlife.
INTRODUCTION
In the 1980s, hard physical labour was thought to strengthen workers, but later studies showed that hard physical work could not maintain physical function in middle-aged workers. 1 Since then, a history of hard physical work has been associated with lower physical function. In retrospective studies, old men with a history of manual work had lower physical performance 2 and higher risk of physical disability 3 compared to former non-manual workers; and, among retired miners, work strain was associated with impaired physical function. 4 After 28 years follow-up, Leino-Arjas et al 5 found increased risk of poor physical function among those reporting high occupational physical strain at baseline and, in a retrospective study, Torgén et al 6 found that a history of hard physical work could be both beneficial and detrimental to physical function.
The inconsistency of results, suggesting both beneficial and detrimental effects of physical exposures on midlife physical function, could be due to differences in study designs. Few follow-up studies have been conducted in this field, but despite the lack of long follow-up studies, there are signs of a
Strengths and limitations of this study
▪ Few studies evaluate the influence of exposures in working life on the musculoskeletal ageing process; therefore, this study contributes to new knowledge in the field. ▪ In this study, we have access to data from a large population-based cohort of middle-aged Danes. ▪ The strength of this study is the exposure assessment that sums all physical exposures during working life. ▪ One limitation of this study is the cross-sectional measure of physical function. ▪ Another limitation is the 'healthy worker' effect, which might be a bias in the study.
negative association between physical exposures throughout working life and midlife physical function. Underlying biological processes could be the physiological explanation for this negative association, where acute changes in the musculoskeletal system might become chronic because of insufficient recovery time. 7 8 In life course epidemiology, 9 theories of cumulative exposures throughout life could be applied to occupational epidemiology, addressing physical wear and tear throughout working life as a possible risk factor in the musculoskeletal ageing process.
The inconsistency of research results in this field could also be due to bias in the exposure assessment. In previous studies in this field, interviews, 2 combined with questionnaires, 3 6 information from registers 3 and assessment by experts, 4 have been used to categorise physical job strain, but few studies have included duration of exposure. In this study, we introduce a cumulative and continuous exposure assessment based on information from a job exposure matrix ( JEM). To the best of our knowledge, this is the first study to use lifetime exposures in an analysis of midlife physical function assessing the influence of work on the musculoskeletal ageing process.
Inconsistency of research results in this field could also be due to the use of surrogate measures and the use of a variety of outcome measures. The musculoskeletal ageing process can be studied at different levels, from impairment in specific body systems (eg, muscle strength), through functional limitations, to disability. 10 A test of chair-rise performance is independent of the surrounding environment and has been used worldwide to assess functional limitations in different age groups and settings, and performance tests are important predictors of morbidity 11 and mortality in older people. 12 However, chair-rise performance is seldom used in the occupational field as a dynamic measure. Our study combines occupational epidemiology and exposure assessment with a well-known gerontological outcome measure in a large population-based cohort. This study was planned to include multiple outcome measures, but a literature review showed differences in associations between exposure and outcome measures: primarily a positive association between hard physical work and upper limb strength, 13 and a negative association between hard physical work and lower limb strength/dynamic function. [2] [3] [4] [5] [6] The underlying mechanisms could vary between the upper and the lower limb/ dynamic function, and, therefore, the outcome measures were separated in the analyses.
In the first paper, we found that physical exposures in working life had a minor but positive association with hand grip strength in middle-aged men. 13 The aim of this study is therefore to evaluate the influence of physical exposures in working life on a dynamic measure of physical function. According to previous studies in this field, a history of hard physical work was hypothesised to be associated with lower physical performance in midlife and, thereby, with poorer performance in a chair-rise test.
METHODS
This population-based retrospective study included a cross-sectional physical examination as part of the Copenhagen Aging and Midlife Biobank (CAMB).
14 CAMB was established in 2009-2011 to study signs of early ageing in middle-aged Danes, and was based on three existing Danish cohorts. In this study, we used data from two of the three cohorts in CAMB: 'The Metropolit Cohort' (MP) and 'The Danish Longitudinal Study on Work, Unemployment and Health' (DALWUH) group, in which 12 656 middle-aged men and women were invited to participate (figure 1). 15 The data collection in CAMB was made between April 2009 and March 2011, and included a postal questionnaire together with a health examination at the National Research Centre for the Working Environment (NRCWE). For details about the use of data from CAMB in this study and a description of the cohorts, see our research protocol. 15 The selection and attrition in the study are illustrated in figure 1.
Exposure
The assessment of physical exposures at work was based on information about job history from the questionnaire combined with data from a JEM. Self-reports of physical exposures in working life from the questionnaire were not used, since we found low reliability of that information in a previous study. 16 The CAMB questionnaire provided job titles and length of service for participants' five longest held occupations. Each participant's job history was coded according to the 1988 revision of the Danish version of the International Standard Classification of Occupations register (D-ISCO 88). 15 From a Danish JEM (the Lower Body JEM), information about physical exposures in Danish jobs (linked to D-ISCO 88 codes) was retrieved. 17 The Lower Body JEM is based on expert judgments of physical exposures associated with risk of osteoarthritis in the lower limbs: sitting, standing/walking, whole body vibration, kneeling and lifting (weight and number of heavy lifts). 17 In the present study, we used information about three physical exposures: (1) lifting; the main physical exposure included in the definition of hard physical work, 18 (2) standing/walking; a common exposure in jobs categorised as physically demanding, but without lifting (eg, cleaning assistants) and (3) kneeling, because kneeling at work places demands on muscle power and strength in the lower limbs.
The total amount of exposure for a study participant was expressed as the number of years incurred by a standard daily exposure. Thus, the years of employment in each of the jobs retrieved from the questionnaire were multiplied by the corresponding daily amount of lifting, standing/walking and kneeling retrieved from the Lower Body JEM, and then calculated for the participants' entire working life. In this way, exposures were standardised as ton-years (lifting 1000 kg each day in 1 year), stand-years (standing/walking at work for 6 h each day in 1 year) and kneel-years (kneeling at work for 1 h each day in 1 year).
Outcome Chair-rise performance was measured as the number of chair-rises performed during a 30 s test. The test was performed using a chair (height 45 cm) with a mechanical contact in the seat, enabling automatic recording of the number of posture transitions and the number of cycles completed, for example, 21.2 cycles in 30 s. 19 As the test was somewhat tiresome each participant made only a single attempt.
Covariates
From the CAMB questionnaire, information about vocational education was categorised into five groups: unskilled, skilled manual worker and short, medium, or long cycles further education. Men were included from two cohorts (MP and DALWUH), and since the two cohorts differed according to scope and social background, the variable 'cohort' was included as a confounder. The questionnaire provided information about the number of chronic diseases among participants, and these were grouped into three: 0, 1 and ≥2 or more chronic diseases. The diseases considered relevant were asthma, diabetes, hypertension, angina pectoris, stroke, myocardial infarction, bronchitis, emphysema, rheumatoid arthritis, osteoarthritis, cancer, anxiety, depression/ other psychiatric diseases and back pain. Leisure-time physical activity (LTPA) was categorised as medium/ hard: >4 h a week; light: <4 h a week and sedentary activity: reading/watching television. Smoking history was calculated as pack-years (defined as 20 cigarettes or an equal amount of tobacco smoked each day for 1 year), and current alcohol consumption was categorised in units of alcohol per week. Pain in nine regions of the body was summarised (neck, shoulders, upper back, elbows, lumbar region, hands/wrists, hips, knees and ankles); the minimum score was 9 (no pain in any of the regions) and the maximum was 81 (worst possible pain in all 9 regions). Work status was defined as employed or unemployed (currently unemployed and early or disability retirement).
Theoretical model A theoretical model was established based on the hypothesis of physical exposures during working life influencing chair-rise performance in combination with the effect of 'wear and tear' and ageing. Age, height, cohort and vocational education were seen as confounders in the theoretical model (figure 2). Chronic diseases influence physical function but could be both a confounder and a mediator since a chronic disease could be caused by the exposure, or morbidity could influence the duration and intensity of exposure in working life. LTPA is beneficial to physical function in general, but the association with work exposures is less clear. Current LTPA could be a mediator in the association between physical exposures at work and physical function. However, current LTPA, as a proxy of former LTPA, could also influence how many years a worker is able to meet the demands of a hard physical job and, thereby, influence the total amount of exposure. Alcohol and smoking were seen as mediators in the conceptual model together with pain and work status.
Statistical analysis
As the effects of physical exposures were assumed to be gender-specific, all analyses were performed separately for each sex, as suggested by Silverstein et al. 20 Both unadjusted and adjusted associations between exposures (summation of exposure-years) and outcome (number of chair-rises) were assessed in general linear regression models. Unadjusted analyses were assessed and, afterwards, age, height, cohort and vocational education were included (model 1). Subsequently, chronic disease and LTPA were included in a second series of multivariable models to study their mediation effect. Finally, all mediators were included in a third series of multivariable models to study if an observed effect could be explained by the mediators. All analyses were performed in PROC GLM (SAS V.9.2). In order to study how well the models predicted physical performance, we reported the proportion of the variation explained by the regression models (R 2 ).
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Since the effect of physical exposure on physical performance has been suggested to be both beneficial and detrimental to physical function, a linear term may be too limited to characterise these associations. 22 Exposure was therefore categorised in quartiles, and analyses were repeated. On the basis of those results, a statistician suggested studying the shape of the associations by modelling them as restricted cubic spline functions in model 1. The resulting spline functions were then plotted to show the expected difference in outcome attributed to each category of exposure, avoiding a linearity assumption. 22 23 Attrition analyses were performed in the CAMB cohort 14 and, in this study, differences in exposure characteristics between participants and non-participants were analysed with t tests.
All analyses were performed using SAS V.9.2, except the regression with spline functions, which was performed in the R system for statistical computation (http://www.cran.r-project.org).
The power calculation is found in online supplementary information.
RESULTS
The characteristics of the study population are presented in table 1. Mean age was 59 years for men as well as for women, and since the MP cohort included only male participants, men constitute 79.2% of the study population. Women were exposed to fewer exposureyears compared to men, particularly with regard to kneel-years. Mean seniority at work based on the five longest held phases of employment was almost similar between the two sexes: 31.46 (SD=8.12) years in men and 29.69 (SD=8.94) years in women, although fewer women were still in the labour market (77.0% vs 88.0%). Women achieved, on average, 1.2 chair-rises less than men in the 30 s test (20.38 compared to 88.4% of men. At the physical examination, whether or not participants had a specific reason for not performing in the physical test was noted. The most common reasons were recent surgery and disability in general.
In general, there was a negative association between exposure-years and chair-rise in men and in women. Exposure to ton-years, stand-years and kneel-years was associated with poorer chair-rise performance in unadjusted analyses. Introducing age, height, cohort and vocational education attenuated the effect of tonyears and kneel-years in men, whereas the effect of physical exposures was slightly increased in women (table 2) .
Introducing chronic diseases in model 1 attenuated the effect of exposure on chair-rise performance in men and in women. Introducing LTPA in model 1 did not change the associations in men, and did so only to a small extent in women. Inclusion of all covariates in the final model attenuated the associations, and only the associations between ton-years/stand-years and chair-rise in men remained statistically significant.
Spline regression analyses visualising model 1 confirmed the findings from the linear analyses, and a negative association between exposure to ton-years/ stand-years and chair-rise was observed in men ( figure  3) . The effect reached a maximum decrease of -1.83 (95% CI: (-2.70 to -0.95)) chair-rises in men exposed to 30 ton-years, compared to men without this occupational exposure. This association was non-linear, and further exposure to ton-years did not decrease chair-rise performance.
In women, associations between exposure-years and chair-rise were non-linear and had broad CIs, due to few participants with higher exposures ( figure 3 ). An analysis of the association between exposure to ton-years *Summation of pain in nine regions of the body. Minimum score is 9 (no pain in any of the regions) and maximum is 81 (worst possible pain in all 9 regions). †Asthma, diabetes, hypertension, angina, stroke, bronchitis, chronic obstructive pulmonary disease, rheumatoid arthritis, osteoarthritis, cancer, anxiety, depression, psychiatric diseases and back disease. ‡Medium/hard : >4 h a week; light: <4 h a week; sedentary: reading/watching television in leisure time. §Unemployed=currently unemployed and early retirement, disability pensioners, etc. ¶Male participants were from two cohorts. **Amount of lifting during working life. One ton-year is lifting 1000 kg each day for 1 year. † †Total exposure to standing/walking at work. One stand-year is standing/walking for 6 h each day in 1 year. ‡ ‡Total exposure to kneeling at work. One kneel-year is kneeling at work for 1 h each day in 1 year. DALWUH, Danish Longitudinal Study on Work, Unemployment and Health; MP, Metropolit Cohort. and chair-rise indicates a negative association with a maximum in women exposed to 20 ton-years (-2.45 chair-rises CI (-3.92 to -0.98)).
DISCUSSION
We hypothesised that physical exposures throughout working life were associated with impaired physical function in midlife, measured by chair-rise performance, and that the theoretical explanation could be wear and tear or accumulation of exposures during life. We found that the influence of physical exposures on physical function was relatively small and varied between genders.
In general, our results are in line with previous findings of poorer physical performance among men with a history of hard physical work, 2-6 but our cohort included younger participants compared to the studies by Russo et al 2 and Cassou et al. 3 Our study design is comparable to the retrospective cohort design of Torgén et al, 6 who found that long-lasting physical demands were associated with poorer dynamic muscle function, though our study is larger. Chair-rise performance, as a measure of dynamic function, relies on muscle power in the lower limbs, which is known to decrease due to musculoskeletal ageing. 24 The observed decrease in chair-rise performance in exposed men could hypothetically be a sign of an accelerated musculoskeletal ageing process, caused by exposures at work. However, the proportion of the variation explained by the models was low, and the proportion of the variance in outcome measures explained by the physical exposures was also low. In linear models (model 1), a loss of 0.04 chair-rise/ton-year was seen in men, which equals a loss of 1.2 chair-rises in 30 years and a loss of 0.045 chair-rise/ton-year in women, which again equals a loss of 0.9 chair-rise in 20 years. The non-linear analyses showed higher effects: a loss of 1.8 chair-rises among those exposed to 30 ton-years compared to unexposed and 2.5 chair-rises less among women exposed to 20 ton-years. In the final model, the results were attenuated, especially among women. The question is, whether these findings are clinically relevant, and follow-up studies in this cohort should examine the influence of physical performance on work ability, sickness absence, early retirement and death. A recent 13-year follow-up study in the British birth cohort showed a higher mortality rate among those with the lowest physical capability at 53 years of age. 25 Covariates were introduced to the models separately, and whether covariates were confounders or mediators was discussed. However, the overall conclusion in this study is that inclusion of all covariates in the linear regression models attenuated the associations. Chronic diseases and differences in physical activity in leisure time marginally explained the differences in performance.
In general, performance in the chair-rise test was lower in women and men with physical exposures in working life. In contrast to our findings, other studies in this field found that negative associations between work load and physical performance were more pronounced in women than in men. 6 We have no obvious explanation for the observed differences in associations between men and women in this cohort, relating to their performance in the chair-rise test. Little is known about the gender difference in the influence of work on the musculoskeletal ageing process. The job exposure matrix was not gender-specific, as has been suggested by Solovieva et al, 26 and this could introduce misclassification bias due to differences in exposure between men and women with the same job-titles. However, this cohort included few women with a history of hard physical work (see the broad CIs in figure 3 ) and this could be part of the explanation of our results.
Strengths and limitations
The exposure assessment was a strength of this study, compared to other retrospective studies of lifetime physical workload, because the assessment included both intensity and duration of exposure. If a linear association was found, a threshold for exposure years could be calculated. However, our results indicate that the variation in physical function is caused by multiple factors, and exposures at work may play a minor role. Furthermore, the associations turned out to be non-linear. Standardisation of exposure to lifting could introduce measurement bias, since 20 ton-years can be 'earned' in only 10 years of heavy work, or 40 years of less heavy work and intensity. According to the exposure assessment, the use of a job exposure matrix was thought to improve the validity of exposure assessment, but it has not been studied. The primary aim of the Lower Body JEM was to study osteoarthritis in the lower limbs, and it focused on exposures from lifting, kneeling, vibration and standing/walking at work. The aim of this study was to study physical function, and we have claimed that, especially, lifting and standing/walking at work could influence musculoskeletal ageing and chair-rise performance. However, this, as well, has not been studied by others.
Another possible bias in this study is the risk of misclassification of exposure in job exposure matrices, where exposures are assigned to exposure groups thought to be homogeneous. Objective measures in bigger cohorts are preferable in future epidemiological studies in this field.
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The large study population was a strength, although the low response-rate in the CAMB study could have introduced bias due to selective drop-out. The attrition analyses showed that participants had lower exposures compared to non-participants. 13 Furthermore, sub-group analyses showed that participants not attending the chair-rise test had a lower socioeconomic status and more exposure-years compared to the participants fulfilling this test. This could attenuate the results further. In a future study, we will examine the associations between physical exposures in working life and self-reports of mobility among respondents to the CAMB questionnaire. In this way, we will be able to compare mobility among participants and non-participants through a selfreported measure of physical function.
Another possible bias is the 'healthy worker effect', where those participants having 'earned' the longest or highest exposures throughout working life could be a special sub-group of workers. 28 This effect is perhaps seen in the non-linear associations as a less pronounced detrimental effect of maximum exposure.
Conclusion
In this cohort, greater duration of physical exposures throughout adult life was associated with poorer chairrise performance in men with a mean age of 59 years. In women, exposures were associated with poorer chairrise performance in unadjusted analyses, but few female participants had physical exposures in working life. The influence of physical exposure on midlife physical function was numerically small and non-linear.
